The applications of HRTEM to electron-sensitive zeolites have been severely limited due to electron irradiation damage. Since the zeolite crystal structure is very complex even at low-index zone axis, observing the fine structure of zeolite framework requires a much higher resolution (1). The maximum spatial frequency contributing to the HRTEM image of electron sensitive crystalline materials is limited by either the SNR (signal-to-noise ratio) of the acquired image or crystallinity maintained during a TEM investigation. Higher accelerating voltage reduces electron irradiation damage from radiolysis because of the lower inelastic scattering probability; however it deteriorates the sensitivity of CCD cameras and phase contrast (scrambled phase at HRTEM). Therefore, higher electron dose is required to obtain enough SNR with higher accelerating voltages. On the other hand, a lower accelerating voltage is advantageous for the efficiency of electron detection, but works disadvantageously in electron irradiation damage. Since the damage process for zeolites proceeds by knock-on processes and radiolysis in the range of all practical accelerating voltages, operating at lower accelerating voltages has been proved to increase the rate of damage (3).
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Zeolite frameworks are built from TO4 tetrahedral (T: Si, or Al, or other heteroatoms) to produce nanochannels or nano-cavities inside the crystals. Information about the size and shape of nanochannels or nano-cavities is very important in various zeolite applications. HRTEM has been demonstrated as a powerful tool for nanostructure analysis in catalyst research since it can provide structure information at molecular and atomic levels. Our research is to study the crystalline and mesoporous fine structure of a heterogeneous catalyst (ZSM-5 based zeolite) in relation to Al, other heteroatoms, and Si distribution by comparing a traditional TEM (FEI Osiris TEM) operated at lower accelerating voltage (80kV) for gaining better electron detection efficiency of the CCD camera, a FEI Titan Cs image corrected ETEM operated at 300 keV, and a new direct phase imaging technique, called the Integrated Differential Phase Contrast (iDPC) STEM (2) operated at 300keV. The commercially available zeolite (Alfa Aesar NH4ZSM-5, SAR-23, calcined for one hour at 550°C to form HZSM-5) sample was prepared by crushing the crystalline in an agate mortar, and then collected on a holey-Carbon coated Cu grid. Fig. 1 shows a TEM image of a ZSM-5 sample taken at 80 keV and a dose rate of around 50 electron/Å 2 •second on a traditional non-corrected TEM. A Gatan Orius camera was used to acquire the image. The open channels of ZSM-5 framework structure could be visualized as the [010] projection from a large irregular plate-like crystal. Fig. 2 shows a TEM image of the ZSM-5 sample acquired on a Titan ETEM with Cs image corrector at 300kV. The direct view Gatan K2 Summit camera was used to acquire the images at counting mode with a dose rate of less than 10 electron/ Å 2 •second. The crystals are also on the [010] projection. Fig. 3 shows an iDPC-STEM image taken on a Thermo Scientific's probe corrected Themis system at 300kV with a dose of 260 electron/Å 2 .
